About 40% of children with childhood absence epilepsy develop generalized tonic-clonic seizures. It is commonly held that polyspikeÀwave pattern on the electroencephalogram (EEG) can predict this development of generalized tonic-clonic seizures. However, there is no firm evidence in support of this proposition. To test this assumption, we used survival analysis and compared the incidence of generalized tonic-clonic seizures in 115 patients with childhood absence epilepsy having either isolated 3-Hz spikeÀwave or coexisting 3 Hz and polyspikeÀwaves and other variables. There was no evidence that polyspikeÀwaves predicted development of generalized tonic-clonic seizures in patients with childhood absence epilepsy. Later age of onset (!8 years) and family histories of generalized tonic-clonic seizures were the only independent predictors. These results have implications for counseling and in the choice of first-line antiepileptic drugs used for childhood absence epilepsy, especially if valproate is chosen based on the observation of polyspikeÀwaves.
Childhood absence epilepsy is an idiopathic generalized epilepsy that typically occurs in otherwise healthy children between the ages of 3 and 12 years. Childhood absence epilepsy is characterized by the presence of short absences or frequent and sudden losses of consciousness of variable duration (typically between 2 and 30 seconds). These frequent absences are often described as ''staring'' or ''daydreaming.'' The electrophysiological correlates of a typical absence seizure are a bilateral, synchronous, and symmetrical 3-Hz spike and wave complexes on the electroencephalogram (EEG).
Childhood absence epilepsy is considered a relatively benign form of epilepsy with regard to seizure prognosis 1-3 because 70% to 80% of patients with childhood absence epilepsy are well controlled with antiepileptic drugs, 4-6 and a similar proportion will remit by adulthood 7 and remain seizure free even after antiepileptic drug withdrawal. 5, 8 However, recent studies provided evidence for a less benign prognosis, as long-term cognitive and neuropsychiatric comorbidities have been reported. [9] [10] [11] In addition, children with childhood absence epilepsy have a high probability of developing generalized tonic-clonic seizures. 12 This evolution occurs in about 40% of all cases, either concurrently or in adolescence following the remission of absence seizures, usually within 5 to 10 years of childhood absence epilepsy onset. 8, 12, 13 Childhood absence epilepsy overlaps clinically with juvenile myoclonic epilepsy, 14, 15 another form of age-related idiopathic generalized epilepsy with minor seizures. Roughly 3% to 21% of patients with childhood absence epilepsy eventually develop juvenile myoclonic epilepsy. 7, 16 However, about one third of patients with juvenile myoclonic epilepsy have concomitant absence seizures. Only a small fraction of juvenile myoclonic epilepsy patients with absences (ie, 25%) have absence seizures starting in childhood and with a high seizure frequency, similar to those of childhood absence epilepsy. 17 Juvenile myoclonic epilepsy is often considered less benign in terms of seizure prognosis than childhood absence epilepsy. The syndrome, which has a later age of onset than childhood absence epilepsy and persists into adulthood, 13, 15 has a higher incidence of generalized tonic-clonic seizures (90% as opposed to about 40% in childhood absence epilepsy). 17 Generalized tonic-clonic seizures in juvenile myoclonic epilepsy typically occur in the morning (previously known as ''awakening grand mal'') and are often preceded by a series of myoclonic jerks. The typical ictal EEG pattern of myoclonic jerks in juvenile myoclonic epilepsy is polyspike and waves, a pattern that can also be observed in some patients with childhood absence epilepsy. 16, 18 Because of the higher probability of patients with juvenile myoclonic epilepsy to develop generalized tonic-clonic seizures, the presence of polyspikeÀwaves, the typical juvenile myoclonic epilepsy pattern, in a patient with childhood absence epilepsy is commonly regarded as a risk factor for the later development of myoclonic seizures or generalized tonicclonic seizures. Although several attempts have been made to find factors that would predict the outcome of childhood absence epilepsy, 19, 20 the predictive value of polyspikeÀwaves in the EEG of patients with childhood absence epilepsy has, to our knowledge, never been investigated.
Such information would not only allow physicians to make more accurate predictions regarding prognosis but would also have an impact on the initial treatment preference in childhood absence epilepsy. The first antiepileptic drug of choice in childhood absence epilepsy is generally ethosuximide. Ethosuximide is usually well tolerated and is associated with few adverse side effects, however it is only effective for absence seizures. 21 When other seizure types occur, other antiepileptic drugs have to be added to, or substituted for, ethosuximide. 22 If a risk of myoclonic seizures or generalized tonic-clonic seizures is perceived, a more broad spectrum antiepileptic drug (eg, valproate or lamotrigine) is generally recommended. 23 These antiepileptic drugs may have more severe adverse effects or may be less efficacious than ethosuximide for absence seizures. Although it makes reasonable sense to use the presence of polyspikeÀwaves as a risk factor for developing myoclonic seizures or generalized tonic-clonic seizures, and treat accordingly, this assumption needs to be evaluated. This is particularly important in the light of differences in tolerability between drug regimens.
The current study thus aims toward a clarification of poly-spikeÀwaves as a predictor for the development of myoclonic seizures or generalized tonic-clonic seizures in childhood absence epilepsy. The ability to predict the outcome and evolution of absence seizures has implications for patients and their families, as well as for the clinician's plan of treatment. Because polyspikeÀwaves in the EEG of patients with childhood absence epilepsy are widely inferred to be predictors of generalized tonic-clonic seizures, it is important that the validity of this assumption be further explored.
Patients and Methods

Patient Selection
We used a cohort design to measure the incidence of myoclonic seizures or generalized tonic-clonic seizures in patients with childhood absence epilepsy and to assess whether polyspikeÀwaves modify this risk. We collected follow-up seizure history on 115 children seen for childhood absence epilepsy during a time period of 11 years in the Division of Pediatric Neurology of Robert Wood Johnson Medical School. The study was approved by the Institutional Review Board of Robert Wood Johnson Medical School, and all participating patients/guardians gave their informed consent.
Patients were identified retrospectively and systematically through a computerized divisional database using keyword searches on ''Childhood Absence Epilepsy, CAE, Absence Epilepsy, Absences, Petit mal, and/or Zarontin/Ethosuximide.'' We then verified the diagnosis of childhood absence epilepsy by searching the medical records of the individual. A total of 115 patients (60% female) satisfied the International League Against Epilepsy criteria for childhood absence epilepsy. 24 We searched the charts for treatment and EEG data (poly-spikeÀwaves, focal abnormalities, and background activity), in addition to seizure history and family history. All EEGs reviewed were performed as part of standard care and are routine recordings with electrodes placed according to the International 10-20 system. 25 Routine pediatric EEG recordings at Robert Wood Johnson Medical School are, when possible, of 25 minutes duration, performed in the awake state and include hyperventilation and photic stimulation. All available EEGs of each participant were considered. On average each patient had at least 2.1 EEGs (median ¼ 2).
Follow-Up
Outcome data were collected in a 2-step process. First, we sent out questionnaires by mail to ascertain the occurrence of seizures until the assessment time. The questionnaire contained lay descriptions of febrile, typical absence, myoclonic seizures, and generalized tonic-clonic seizures, as well as a request for a full treatment history. After 4 weeks, nonresponders were sent a second copy of the questionnaire. In the second step, we telephoned all remaining nonresponders and interviewed them directly. The final response rate was 84% (97 of 115). Outcome data on nonresponders was censored according to their status at last clinical follow-up.
Definitions and Measures
Seizures and epilepsy syndromes followed the International League Against Epilepsy-classification (1989), and lay descriptions were worded accordingly. Time at risk was defined as the elapsed days from childhood absence epilepsy onset until the first myoclonic seizure or generalized tonic-clonic seizures, or last follow-up date.
Statistical Analysis
We first tabulated the clinical characteristics of the study sample, in terms of the seizure type, EEG abnormalities, family history of seizures, and treatment. We used Kaplan-Meier survival methods to plot and compare the incidence of generalized tonic-clonic seizures in patients with childhood absence epilepsy according to the 2 EEG subgroups (3 Hz vs 3 Hz with polyspikeÀwave). We examined univariate risks of generalized tonic-clonic seizures associated with age of onset (!8 years vs <8 years), gender, family history of seizures, and focal EEG abnormalities. Finally, we calculated the risk of generalized tonic-clonic seizures or myoclonic seizures using a Cox proportional hazards model, adjusting for potential confounders: gender, age of onset, and family history of epilepsy. Analyses were performed using Stata 8.0 for Macintosh.
Results
Our cohort comprised of 115 cases with childhood absence epilepsy with an average age of childhood absence epilepsy onset of 6.5 years and a mean duration of follow-up of 5.4 years (median ¼ 4.2 years, range ¼ 1-18 years). The clinical characteristics of the study sample are summarized in Table 1 .
Incidence of Seizures
Twenty patients (17%) developed generalized tonic-clonic seizures; generalized tonic-clonic seizures showed an incidence rate of 8 per 100 000 person-days of follow-up. The mean age of generalized tonic-clonic seizures onset was 11.4 years (SD ¼ 4 years). Only 2 patients with childhood absence epilepsy developed myoclonic seizures. Thirteen patients (11 %) had febrile seizures preceding the absence seizures
Electroencephalogram
Thirty patients (26%) had coexisting polyspikeÀwaves on their EEG, and 85 (74%) had only isolated 3-Hz spike and wave. Four (3%) cases were found to have abnormal slow background activity, while 18 (16%) cases had focal abnormalities on the EEG (9 frontal or frontotemporal and 9 occipital or parietal). In 15 cases (13%) posterior slow waves of youth were noted.
Treatment
Eighty-eight (70%) patients were first prescribed ethosuximide. For 20 patients (17%), valproate was the first drug, and seven (6%) were prescribed other antiepileptic drugs. Seventy (61%) were treated with only 1 drug, while 45 (39%) were treated with 2 or more antiepileptic drugs.
Family History
Thirty-nine patients (34%) had a family history of seizures. Six patients (5%) had a family history of absence seizures but no generalized tonic-clonic seizures and 6 other patients had a family history of febrile seizures. The remaining 27 patients (24%) had a family history of generalized tonic-clonic seizures and/or other seizures (the specific classification, other than absence and generalized tonic-clonic seizures could not be determined from medical records; Figure 1 ).
Predictors of Generalized Tonic-Clonic Seizures
We first examined our hypothesis that polyspikeÀwaves predicted generalized tonic-clonic seizures in childhood absence epilepsy. Seven (20%) of 30 participants with polyspikeÀwave developed generalized tonic-clonic seizures, compared with 13 (14%) of 85 with only 3-Hz spike and wave. The incidence rate ratio for generalized tonic-clonic seizures in participants with 3 Hz plus polyspikeÀwave was 0.99 (95% CI: 0.37-2.64). Next, we examined other possible predictors of generalized tonic-clonic seizures: age at onset, gender, focal EEG abnormalities, and family history of epilepsy. In univariate analyses, age at onset (risk ratio 2.28, 95%CI 0.87-5.97), gender (risk ratio 1.70, 95% CI 0.60-4.79), and EEG focality (risk ratio 2.34 95% CI 0.85-6.46) were not significantly predictive. Family history of seizures was also not predictive of generalized tonic-clonic seizures (risk ratio 1.76 95% CI 0.69-4.47). However, when only a family history of generalized tonic-clonic seizures and nonabsence afebrile seizures were examined, there was a significant association (risk ratio 2.72 95% CI 1.07-6.93). Interestingly, a family history of absence or febrile seizures, but without generalized tonic-clonic seizures, did not predict a higher risk of generalized tonic-clonic seizures. We, therefore, entered age group, gender, EEG group, and family history of generalized tonic-clonic seizures and nonabsence afebrile seizures into the multivariate model.
In the Cox proportional hazards model, we identified 2 variables, age of onset after the age of 8 years, (hazard ratio 3.86) and family history of generalized tonic-clonic seizures (HR 3.60), that increased the risk of generalized tonic-clonic seizures independently of confounding variables ( Table 2 ). Age of onset was not by itself associated with polyspikeÀwave (18% vs 30% in <8 years and >8 years age groups, w 2 ¼ 1.78, P ¼ .18).
Lastly, we examined prescribing data to see whether EEG pattern was associated with the probability of valproate or valproic acid treatment. Although there was a higher percentage of children with polyspikeÀwaves treated with valproic acid, this difference did not reach statistical significance (26% vs 14%, w 2 ¼ 2.54, P ¼ .28).
Discussion
About 40% of children with childhood absence epilepsy develop generalized tonic-clonic seizures later in life. 12, 26 Not only does this potential risk present a psychological burden on newly diagnosed patients and their families, the occurrence of generalized tonic-clonic seizures in childhood absence epilepsy is often associated with a lower probability of seizure remission. Bouma et al 4 found that while over 78% of patients with childhood absence epilepsy without generalized tonic-clonic seizures became seizure free by adulthood, only 35% of patients with generalized tonic-clonic seizures did the same. Due to the association of polyspikeÀwaves with juvenile myoclonic epilepsy, the occurrence of polyspikeÀwaves in childhood absence epilepsy has often been perceived as a predictor for the later occurrence of generalized tonic-clonic seizures or myoclonic seizures in those children with absence seizures. However, the value of polyspikeÀwaves as a predictor variable has not, to our knowledge, been evaluated previously. The current study attempted to fill this gap. Our data show no evidence to support the hypothesis that polyspi-keÀwaves on the EEG predicted the onset of generalized tonic-clonic seizures in patients with typical childhood absence epilepsy. The incidence rate for generalized tonic-clonic seizures in patients with a 3-Hz spike and wave plus polyspi-keÀwaves was identical to that of patients with a 3-Hz spike and wave EEG pattern only. As such, we found that polyspike and wave discharges are not an appropriate marker to predict generalized tonic-clonic seizures or myoclonic seizures in childhood absence epilepsy.
Our results are in agreement with the finding that certain generalized interictal EEG patterns may be nonspecific with regard to clinical symptoms. Janz and Waltz 17, 27 found poly-spikeÀwaves interictally in 47% of patients with childhood absence epilepsy and in 45% of patients with juvenile absence epilepsy. Even though polyspikeÀwaves are the ictal pattern of myoclonic jerks in juvenile myoclonic epilepsy, polyspi-keÀwaves are seen interictally in only 54% of juvenile myoclonic epilepsy cases. Similarly, the ictal pattern of absence seizures in childhood absence epilepsy, the classical 3-Hz spike and wave complex, is also seen interictally in both juvenile myoclonic epilepsy (in 60%) and juvenile absence epilepsy (in 55%). Thus, it seems not possible to delineate the specific clinical syndromes from the interictal EEG results alone. We were able to determine 2 variables that were associated with generalized tonic-clonic seizures or myoclonic seizures in absence patients. First, in accord with other studies, 2,7,28 we found evidence that a family history of epilepsy increases the risk of generalized tonic-clonic seizures in patients with childhood absence epilepsy. More specifically, we found that it was not simply a family history of epilepsy, but a family history of generalized tonic-clonic seizures (but not absence seizures) that was correlated with the occurrence of generalized tonicclonic seizures in our patients with childhood absence epilepsy. The notion that generalized tonic-clonic seizures in childhood absence epilepsy is a familial phenomenon supported by previous findings. [29] [30] [31] For example, Doose 30 found that in the case of children with both early onset absence seizures (between age 1 and 5) and generalized tonic-clonic seizures, relatives also had predominantly generalized tonic-clonic seizures, whereas in relatives of children without generalized tonic-clonic seizures, absence seizures prevailed.
We hypothesize that childhood absence epilepsy with generalized tonic-clonic seizures may be a genetically different form of childhood absence epilepsy than childhood absence epilepsy without generalized tonic-clonic seizures. Alternatively, it is possible that generalized tonic-clonic seizure-specific genes are required for the development of generalized tonic-clonic seizures in childhood absence epilepsy. When those are not present, and a negative family history for generalized tonicclonic seizures might be an indicator for this, a child with childhood absence epilepsy would, therefore, be less likely to develop generalized tonic-clonic seizures.
Second, our findings suggest that a later age of onset is predictive of the development of generalized tonic-clonic seizures, a result that has been corroborated in several other studies. 1, 2, 32, 33 Although Callenbach et al 19 recently reported no predictive value of age of onset, the difference between their and our findings might be due to the small number of children with generalized tonic-clonic seizures. Only 6 of their 47 participants developed generalized tonic-clonic seizures during follow-up.
In our study, 17% of all participants developed generalized tonic-clonic seizures during the follow-up period. This is in contrast to previous studies that reported an evolution of generalized tonic-clonic seizures between 32% and 49%. 26, [32] [33] [34] This discrepancy might be due to our relatively short average follow-up period of 5.4 years, because there is a second manifestation peak of generalized tonic-clonic seizures usually 5 to 10 years after onset. 33 In addition, our strict adherence to the criteria of the International League against Epilepsy and the exclusion of children with atypical absences might have further reduced the number of generalized tonic-clonic seizures in our sample.
Our results raise questions about the utility of separating the 2 absence syndromes into childhood absence epilepsy and juvenile absence epilepsy based on their age of onset (with a somewhat arbitrary cut off of 10 years, or before and after puberty 35 ). Initially, Janz 36 delineated 2 different absence syndromes based on the frequency and morphology of the absence seizures. He called the epilepsy with earlier age of onset ''pyknolepsy,'' based on the frequent (several a day) occurrence of absence seizures (from the Greek word pyknos ¼ often). He differentiated this form from the epilepsy with simple and infrequent absence seizures that manifest mostly in adolescence, calling this second form epilepsy with ''spanioleptic'' or indifferent absences. While there is a certain overlap between childhood absence epilepsy and pyknolepsy, and juvenile absence epilepsy and epilepsy with spanioleptic absence, it seems more prudent to define these 2 syndromes by their age of onset and clinical symptoms. Based on different seizure remission patterns, Trinka et al 37 argue that these 2 syndromes should be differentiated not only by their seizure frequency (pyknoleptic vs nonpyknoleptic) but also by the development of myoclonic jerks or generalized tonic-clonic seizures. Our data suggest that a family history of generalized tonic-clonic seizures could also help to differentiate these 2 types of disorders. Even with these prognostic tools, however, it may not be possible to completely untangle one disease type from the other. Berkovic et al 13 have even suggested that the 3 disorders of absence seizures (childhood absence epilepsy, juvenile absence epilepsy, and juvenile myoclonic epilepsy) have blurred nosological boundaries and form a spectrum.
Further, our results show that patients with focal EEG abnormalities were not significantly more likely to develop generalized tonic-clonic seizures. In agreement with this result, Yoshinaga et al 38 found that the proportion of focal abnormalities is the highest in patients with childhood absence epilepsy that are not only well controlled for seizures but also no longer have epileptiform EEGs. The rate of focal abnormalities was lowest in patients that either continued to have seizures or were seizure-free but still had abnormal EEGs. However, Hedström and Olsson 39 reported that focal abnormalities and brief episodes of spike and wave without a clinical correlation predicted the onset of generalized tonic-clonic seizures. Several longterm follow-up EEG studies have shown that focal EEG abnormalities in general are not uncommon in idiopathic generalized epilepsy. Lombroso 40 showed that 56% of patients with idiopathic generalized epilepsy showed focal abnormalities. Leutmezer et al 41 found focal discharges in 35% of patients with idiopathic generalized epilepsy and in 40% of patients with absence seizures.
Our findings have important implications for treatment. Patients with juvenile myoclonic epilepsy show good responses to valproate or lamotrigine. Ethosuximide is considered very specific for the treatment of absence seizures but ineffective for the treatment of generalized tonic-clonic seizures or myoclonic seizures. Valproate is often recommended for the treatment of absence seizures when polyspikeÀwaves are seen on the EEG, even in the absence of clinical generalized tonic-clonic seizures. 23 This practice has to be questioned based on our findings that childhood absence epilepsy patients with polyspikeÀwave are as likely to develop generalized tonic-clonic seizures as patients that have only 3-Hz spike and wave on EEG. Ethosuximide should still be considered a first-line antiepileptic drug for pure absence epilepsy because of its favorable side effect and toxicity profile, 42, 43 especially in cases with an early age of onset of absences and a negative family history for myoclonic seizures or generalized tonic-clonic seizures.
